The effects of UV-irradiation on stability of pure and blended polystyrene films with phthalate and terephthalate plasticizers were studied in presence of air. UV-visible, fluorescence and FT-IR techniques were used to study the photodegradation of irradiated polystyrene films. Increase of irradiation times of polystyrene films caused an increase in the intensity of the main absorption band and the increase in the intensity of a new absorption band at longer wavelength, thus indicating a possibility of photo degradation of polystyrene chains. The influence of added plasticizers, dimethyl terephthalate, diethyl terephthalate, dioctyl terephthalate, dioctylphthalate, and dibutyl phthalate on photo-quenching of the polymer fluorescence band was also investigated, and found to increase the photodegradation processes in polymeric chains. On the other hand, the intensity of excimer and monomer fluorescence bands maxima was also found to decrease with a small red shift with the increase in irradiation times. These changes may be attributed to the formation of new photo-products resulted from the photodegradation of irradiated polymeric chains. The photo-quenching rate constant was found to increase with the increase of the molar mass and bulkiness of the used plasticizers and to increase with the increase in irradiation time. The rate constant of the photo quenching process was found to decrease with the increase in the percent of added plasticizers, indicating that the added plasticizers might act as UV-absorbers which inhibited the photodegradation process. The analysis of the FT-IR spectra of the irradiated and nonirradiated samples showed a noticeable formation of new broad band centered at 1727 cm −1 , and its intensity was found to increase with the increase in irradiation time and also with the increase in the amount of added plasticizer. In addition, the observed increase in the intensities of the carbonyl and hydroxyl absorption regions of the FT-IR spectra provided evidence for the photodegradation as well as photo-oxidation of polymeric chains.
Introduction
Polystyrene (PS) is a very important polymer that has many excellent properties, such as high electrical resistance, and good mechanical properties under various conditions. However, since PS degrades easily upon exposure to light energy, several mechanisms are proposed to explain the photodegradation steps in polymeric chains [1] - [4] . The photodegradation of polymeric chromophores is always initiated by absorption of light with enough energy that leads to formation of highly reactive chemical species in the polymer backbones. Free radicals are one of the species more frequently produced under these conditions. Free radicals are capable of reacting with oxygen and producing a series of chemical reactions, which lead to chain scissions and cross linking in the polymeric materials [5] - [7] . Lawrence and Weir [8] have observed two types of chain scissions in PS solution at wavelength (λ > 300 nm). The first type is a pure photo process which occurs completely independently of oxygen, and the second type is a process associated with random photolysis of the products of oxidation. They also have discussed the nature of the photo labile bond, as there is some evidence for a peroxide linkage arising from oxygen copolymerization in polymer chains. They also have suggested that fission of the photo labile groups contributes to the initiation of the long-wavelength photo-oxidation of the polymer chains [8] .
It has been also suggested that the photo-oxidation processes in PS films involve two possible mechanisms: the first is the photoreaction that is based on the dissociation of excited peroxide macro radicals, leading to the formation of H 2 O and CO 2 ; the second mechanism is hydroperoxides' mechanism which is converted to form the radicals in initiation stage including an * 2 RO radical reaction with the polymer chromophore which produces hydroperoxides. A subsequent ROOH decomposition results in the scission of the polymer chains and formation of high-molecular oxidation products such as carbonyl, alcohols, and ethers [7] [9] .
The UV-photodegradation of PS films has been studied using fluorescence spectroscopy [10] . Excitation and dispersed fluorescence spectra were also collected as a function of time of exposure to broad-band (λ > 300 nm), to monitor the chemical changes in the films. The fluorescence excitation and the dispersed fluorescence spectra gave direct evidence that degradation products indicated to conjugated double bond along the polystyrene backbone named polyene structures-(C(C 6 H 5 )=CH) n . Polyenestructure is responsible for color change of PS under UV-exposure [10] [11] . On the other hand, polymeric additives were found to accelerate the radiation-induced degradation of polystyrene and substituted polystyrene films [12] [13] . It was reported that the photo-stability of PS was reduced by the addition of bromine containing flame retardant, and appeared to depend upon the chemical structure of the polymeric additives [12] . For PS containing carbonyl group, it was found that the photodegradation increased with increasing in irradiation time. The changes in the average molecular weight in photooxidized PS were produced as consequences of chain dissociation by Norrish Type II reaction [13] .
It was also reported that the photo-stability of substituted polystyrene (SPS) was reduced by blending with phthalate and terephthalat plasticizers. Phthalate plasticizers were more efficient in the increase in the photodegradation of irradiated polymeric chromophores in solid films [14] - [18] . The photodegradation of thin films of poly(p-tert-butylstyrene) with 254 nm radiation, under high vacuum, has been studied. The main evolve gas is hydrogen; little amount of methane, ethane, and isobutene are also formed, indicating that fission of bonds in the tert-butyl group has occurred [15] . On the other hand, the photodegradation of thin films poly(p-fluorostyrene), poly(p-chlorostyrene) and poly(p-bromostyrene) has been studied, by exposure to 254 nm radiation, and under high vacuum. The irradiated polymers showed a yellowish discoloration caused by irradiation; this was related to the formation of chain double bonds as a result of hydrogen atom abstraction from the C-atom in γ position of the phenyl group [18] [19] .
In the present work, the photodegradation of irradiated polystyrene films, and the effects of blending with phthalate and terephthalate plasticizers on the photo-stability were also investigated with the following aims: 1) To compare the photo-stability of pure and blended polystyrene films with phthalate and terephthalate plasticizers, with that of other substitutes polystyrenes in solid films; 2) To study the effect of blending PS films with phthalate and terephthalate plasticizers on its photo-stability, and to select the best polymeric additive that could cause less photodegradation on the irradiated polymeric films; 3) To apply Al Ani-Hawi relation [17] , in order to evaluate some kinetic parameters such as photo quenching rate constant, and quenching efficiencies of irradiated pure and blended polymer films. The photodegradation processes of the exposed polymer films for different intervals of time have been characterized by UV-visible, fluorescence and FT-IR spectroscopic techniques. The efficiency of photodegradation of pure film is compared with that of blended polymer films.
Materials and Methods

Materials
The sample of polystyrene (PS) was supplied by Aldrich Chem. Co., with (Mw = 212,400) and was used without further purifications. Only spectroscopic grade dichloroethane (DCE) was used in casting of solid films, and was found to give no detectable absorption in range (250 -400 nm). It was purchased from Fluka GMBH and was used as received. The used plasticizers are dimethyl terephthalate (DMT), diethyl terephthalate (DET), dioctyl terephthalate (DOT), dibutyl phthalate (DBP) and dioctyl phthalate (DOP). These were of high purity of about (99.8%), and were purchased from Across-Organics and were used without further purifications.
Preparation of Plasticized Polymeric Solid Films
PS thin films with thickness of approximately 0.02 mm were prepared by solution casting of 20 wt% polymer in DCE on a spectroscopic window (quartz plate of 1.0 mm × 20 mm diameter). Moreover, about 0.02 mm thick PS-plasticizer films, containing different wt% plasticizers were prepared by solution casting of 20 wt % polymer + added plasticizer, in DCE solvent. These films were used as to gain better insight into the possibility of photodegradation of the polymer during irradiation. The films were dried in a vacuum oven at 293 K for 6 hours, as to ensure the complete removal of solvent traces [20] .
Absorption, Fluorescence and FT-IR Spectra Measurements
The UV absorption spectra for PS solid films were recorded before and immediately after UV irradiation with a Cary 100 Bio UV-visible Spectrophotometer at 298 K.
Fluorescence spectra were recorded on JASCO-FP 6500 Spectrofluorometer for each of the prepared samples. The parameters were constant for all measurements, and the excitation wavelength was 265 nm. The emission wavelength range was (270 -500 nm), and all fluorescence spectra for the solid films were obtained using a thermostated solid sample holder.
Polystyrene solid films were exposed to different intervals of irradiation time in air, from (0.0 -4.0 hours), using a JASCO-Spectrofluorometer with a built in Hydrogen-Xenon lamp (6808-J007A model number ESC-333), and supported with monochromator of holographic grating with 1800 groves/mm. The intensity of incident radiation was (4.9 mW/cm 2 ), and the distance between light source and samples was (5 cm). All films were exposed to the same rate of irradiation intensity.
The Fourier transform infrared spectroscopy (FT-IR) system that was employed in this work was NICOLET-MAGNA-IR-560 Spectrometer, while the transmission mode was employed in these measurements. The working wavenumber range of the spectrometer was from (4000 to 500 cm −1 ), with a resolution of (4 cm −1 ). The FT-IR spectra were recorded immediately for the irradiated and the non-irradiated films, whereas the transmittance was plotted as function of the wavenumber.
Results and Discussion
Irradiation Effect on Absorption Spectra of Pure and Blended Polystyrene Films
The absorption spectra of irradiated polystyrene at 0.0, 2.0 and 4.0 hours are shown in Figure 1 (A) and Figure  1(B) shows the irradiated polystyrene film blended with 4.0% of dioctyl terephthalate (DOT).
As can be seen from Figure 1 (A) and Figure 1(B) , irradiation of PS and blended PS films with 4.0% DOT resulted in a small increase in the absorption intensity of the main absorption bands with a small change in the shape of the absorption spectra. We also noticed a small increase in the absorption intensity of a new broad band with no clear maxima at longer wavelength at λ = (280 -330 nm). The intensity of absorption spectra increased by the increase in UV-aerated exposure time, and also increased upon blending with dioctyl terephthalate plasticizer. The change in the shape of the absorption spectra may be attributed to the formation of low molecular mass products that can be formed as a result of the reaction between radicals through abstracting hydrogen atoms from the polymer chromophores in irradiated PS films. It is well known that the changes in the absorption spectra, which associated with the increase in the exposure time of irradiation, are much more effective when irradiations are carried out in the presence of air. Oxygen molecules play an important part in accelerating the degradation of polymer backbone through the photo-oxidation processes. The presence of oxygen may initiate peroxy-radicals that can accelerate the photogegradation of polymeric chains [7] . The new formed fragments absorb at longer wavelength and that caused the formation of a broad absorption band at longer wavelength. The presence of plasticizer molecules in the irradiated polymer backbone may also enhance the absorption intensity of the formed broad band, and possibly, by accelerates the photochemical processes in polymeric chains. This suggests that added plasticizers alter both the photochemical stability of PS, and the process which lead to the increase of absorption, such as photodegradation (with scission of bonds in the polymer chains) or photo transformation (with changes in the conformation of plasticizer molecules) [12] , and was found to increase in the molar mass of the added plasticizer. Moreover, the increase in the intensity of the absorption broad band at longer wavelength; may suggest that photo-oxidation and photodegradation processes are the main dominating processes in the irradiated pure and blended polymer films, may be attributed to the formation of the C=C bonds in combination with carbonyl groups, in the polymer backbone [13] .
Effect of UV-Irradiation Time on Intensity of Fluorescence Spectra of Pure and Blended PS Films with DMT, DET, DOT, DBP and DOP Plasticizers
A number of studies have provided information about photodegradation of polystyrene films, but none of these studies have dealt with the photodegradation of blended PS with phthalate and terephthalate plasticizers in solid films. Therefore, the effect of irradiated light energy on the degradation of pure and blended PS films has been studied as function of the increase in irradiation times, by recording their fluorescence spectra before and after irradiation for different intervals of time.
The fluorescence spectra for the irradiated solid film of PS films, showed a gradual decrease in their emission intensities with the increase in irradiation times. The fluorescence spectra for PS film showed a very weak monomer fluorescence band and a strong excimer fluorescence band at longer wavelength [21] . The excimer fluorescence band is centered at about, (λ max = 327 nm), and the monomer fluorescence band is centered at about, (λ max = 306 nm). The fluorescence spectra of irradiated pure PS film, and blended PS films with 4.0% DMT and DET are shown in Figure 2 . Figure 3 shows the fluorescence spectra of irradiated blended PS films with 4.0% of DBP and DOP. , irradiation of the polymeric films at different exposure time was accompanied by the gradual decrease in the intensity of both monomer and excimer emissions. It seems that the decrease in the intensity of excimer fluorescence occurs as a result of photodegradation of polymeric chains. The shift in the peak position can be explained by the formation of the conjugated double bonds during the photodegradation by hydrogen abstraction process [21] - [24] . Weir et al. have proposed a mechanism by which polystyrene undergoes photolysis with evolution of hydrogen to yield a conjugated diene [21] . In this mechanism, the first photoreaction was initiated by the absorption of light energy that leads to the dissociation of the (α-β) hydrogen from the polymer backbone. The dissociated hydrogen atoms can then abstract hydrogen atoms from neighboring (β) carbon to form molecular hydrogen and unsaturated bond in polymer backbone. The presence of an excited unsaturated end group can also lead to polyene formation by a hydrogen elimination reaction [21] . These conjugated sequences not only absorb in the UV-region of the visible spectrum, but also fluorescence. The formation of conjugated double bonds along the polymer backbone (polyene structure) creates the new emission band at longer wavelength [10] .
Geuskens et al., have studied the photodegradation of polymers and found that the photogegradation of polymeric chains was attributed to the effect of peroxides formed during UV-irradiation [23] [24] . The formation of a broad fluorescence band at wavelength range (316 -400 nm) was resulted from the formation of new photo products that were formed during irradiation of polymeric chains.
It is well known that photo-oxidation of PS chains gave polyene structures, peroxides, ketones and alcohols. Tovborg and Kops, pointed out that the quenching of emission of the polymer might be attributed to the energy transportation of the oxides formed by the photo-oxidation during the irradiation of polymeric chromophores [25] .
Blending PS films with different percentages of DMT, DET, DOT, DOP and DBP, was accompanied by the quenching of the intensity of excimer fluorescence band and to decrease with the increase the amount of added plasticizers. Irradiation of blended PS films resulted in the formation of new fluorescence band at longer wavelength and to increase its intensity with increase in irradiation times, as shown in Figure 2 Figure 3(B) . The formation of the fluorescence broad band with no clear maxima in the irradiated blended PS films is in full agreement with that reported by Geuskens et al., on photo irradiated PS films [23] . The formation of new fluorescence band at (362, 425 and 477 nm), correspond to the formation of polyene unit structures and defined by n = 1, 2, and 3, respectively, where (n) represents the number of double bands [24] . As seen in Figure 2 An isosebastic point was observed in the photo irradiation of plasticized (PS) films, indicating that the major process is the photodegradation of polymeric chains. The quenching effect of the intensity of exciplex fluorescence was found to increase with the increase of irradiation times and to increase with increase of added amount of plasticizers. As a result of irradiation process, a small red shift was noticed in the (λ max )of excimer fluorescence of pure and blended PS films, as seen in Table 1 .
As can be seen from Table 1 , a red shift was noticed upon the irradiation of pure and plasticized PS films. The red shift in the (λ max ) of both excimer and monomer fluorescence bands was increased by the increase in amount of added plasticizer, and by the increase in irradiation times. The intensity of the formed new broad fluorescence band at longer wavelength was increased with the increase in irradiation times, indicating an increase in the degradation efficiency upon the increase in irradiation time.
The effect of change in the molecular structure and molar mass of the doped plasticizers was found to be very effective in the stability of irradiated blended PS solid films. We have noticed that terephthalates as in the case of DMT, DET and DOT, caused less degradation effect in comparison with that observed in phthalates plasticizer like DBP and DOP. On the other hand, the increase in the molar mass on the used plasticizers caused higher efficiency of polymer degradation due to the increasing in bulkiness of plasticizer molecules. Similar results were obtained for irradiation of blended substituted polystyrene [17] [18].
Kinetics and Mechanism of Photodegradation of Pure and Blended PS Solid Films
The effects of blended amount of the added plasticizers and the increase in irradiation time on the fluorescence intensity of PS films were studied as function of increase in irradiation times.
Al Ani and Hawi [15] have formulated a new mathematical relation that can be used to study the kinetic treatments to the fluorescence quenching of PS film by the increase in the amount of added plasticizers and by the increase in irradiation times at room temperature.
If we consider that ( )
is the intensity of excimer fluorescence of pure or blended polymer at zero time of irradiation, and ( )
is the intensity of excimer emission of pure or blended polymer at different intervals of exposure time. Then, the ratio of ( ) ( ) 
where [A] = number of (photons/s) absorbed by polymeric chromophores. t = time of irradiation in s;
PQ k′ = rate constant. If (A) is the number of photons released from the light source and absorbed by polymer chromophores is constant. Then we can write:
where (k PQ ) is the photo-quenching rate constant, and the efficiency of quenching ratio ( ) ( ) 
According to Equation (3) of pure and blended PS films with 0.0%, 1.0%, 2.0%, 3.0% and 4.0% of DMT, DET and DOT plasticizers are presented in Figure 4 , and for DBP and DOP are presented in Figure 5 .
It is a common fact that excimer emission of irradiated PS and SPS chromophores is quenched in the presence of ground state plasticizer molecules [20] . The efficiency of quenching was found to depend on the chemical structure of the plasticizer as well as the molar mass of plasticizer molecule. The increase in the irradiation time caused degradation to polymeric chains as well the normal fluorescence quenching process.
Blending of PS solid film with phthalate and terephthalate plasticizers may offer opportunities to improve their properties for industrial uses by reducing the brittleness of plastics. So far, many studies on blends containing poly(vinyl acetate) and PS have been reported [26] [27] . It was found that the processes of photo-oxidation and photodegradation were accelerated in blends compared to pure poly(vinyl acetate), and pure PS [27] .
As can be seen from Figure 4 and Figure 5 , the decrease in the fluorescence intensity and the increase in the ( ) o EX EX I I ratio with increase in irradiation times, indicates that the irradiation process may be accompanied by photochemical reactions in polymeric chains. Chain scissions and photo-oxidation processes that were interpreted as a reaction involving benzene ring-opening photo-oxidation were the processes that resulted from irradiation of PS in the presence of polymeric additives [27] - [29] . It has been reported that the photostability of polystyrene films was reduced by blending with polymeric additives, as to depend on the chemical structure of the additive [29] .
The increase in the ( ) o EX EX I I ratio which represents the ratio of the quenching efficiency is affected by the molecular structure of added plasticizer. The efficiency of photo-quenching for plasticized polymer showed a lower value than that for pure polymer, and was also found to increase with the increase in the bulkiness of plasticizer molecules [30] [31] . Blending with DOT showed the higher value of quenching while blending with DOP gave the lower values of quenching with increase in irradiation times. The efficiency of photodegradation of blended PS with 4.0% DMT, DET, DOT, DBP and DOP is shown in Figure 6 .
In an earlier work, it was reported that the photo-stability of para-substituted polystyrene, was reduced by the addition of polymeric additives and to depend on the chemical structure of the para-substituted group and also on the bulkiness of the plasticizer molecules [15] - [18] .
As can be seen from Figure 6 , the trend of increase in the efficiency of excimer fluorescence quenching is DOT > DMT >DBP > DET > DOP. This trend is explained by assuming that the [PS-terephthalate] energy transfer complex tends to be more stable than that of [PS-phthalate] energy transfer complex, towards UV-irradiation. On the other hand, the increase in the molar mass of the plasticizer may also decrease the stability of the polymer towards UV irradiation by decrease in the stability of the energy transfer complex.
As can be seen from Figure 7 , the photo-quenching rate constant of excimer fluorescence increases with the increase in molar mass of the used phthalate and terephthalate plasticizers; a fact that correlates well with that obtained for the thermal degradation of SPS [16] [19] . The increase in the efficiency of excimer fluorescence photo-quenchingrate constant (Δk PQ ) with the increase in molar mass of added plasticizers is shown in Figure 7 .
The increase in the photo-quenching rate constant (k PQ ) with the increase in the molar mass of both phthalate and terephthalate plasticizers indicated that the stability of irradiated polymer chromophores decrease, and may enhance the photodegradation of polymeric chains. Furthermore, it is more likely that the increase in the bulkiness of plasticizer molecules caused enhancement to thephotodegradation efficiency of polymeric chromophores.
The increase in the percentage of added plasticized showed a lowering in the photo-quenching rate constant (k PQ ), as shown in Figure 8 .
As can be seen from Figure 8 , the increase in amount of added plasticizer caused a decrease in the photoquenching rate constant of irradiated polymer, and found to depend upon the structure of the plasticizer molecules. Phthalate plasticizers showed a lower efficiency of photo-quenching in comparison with that obtained with terephthalate plasticizers.
The corresponding fluorescence photo-quenching values (k PQ ) and the efficiency of photo-quenching ratio It was reported that the photo-oxidation mechanism of PS chromophores in solid films is dependant upon the rate of oxygen diffusion into the polymer matrix, and to the formation of charge transfer complexes between polymer chromophores and oxygen molecules [32] - [34] . The rate of photo-oxidation is dependant upon the reactivity of oxygen molecules with the formed radicals in polymeric matrix. A combination of these formed macro-radicals may lead to cross-linking [35] . A more detailed discussion on the processes involved in the oxidative degradation in polymeric chains, has been reported by Rabek [4] . The photo-oxidative degradation in PS chromophores is free radical chain mechanism which occurs when polymeric chains are exposed to UV-radiations in presence of air [36] .
If we consider the photo-quenching rate constant (k PQ ) is an indication of efficiency of the photodegradation of PS chromophores, then blending of PS films showed an increase in the efficiency of photodegradation process, while the increase in the percent of added plasticizers caused a decrease in the efficiency of photodegradation of polymeric chains and to some extent, stabilizes the polymer towards irradiation. Another factor is that these plasticizers showed a small absorption in the region of absorption of polystyrene, thus they may act as a UV-absorbers.
FT-IR-Spectra of Irradiated and Non-Irradiated Pure and Blended Polystyrene Films
The photodegradation processes of irradiated pure and blended PS films are further reconfirmed by measuring their FT-IR absorption spectra. It has been reported that irradiation of pure polystyrene films resulted in changes in the FT-IR absorption spectra [9] [37]. FT-IR spectra of non-irradiated and irradiated PS films before and after irradiations for 2.0 hours were recorded immediately before and after irradiationas shown in Figure 9 .
As can be seen from Figure 9 , the effect of irradiated film caused the increase in the intensity of some absorption bands, and the formation of new absorption bands as a result of the photodegradation and photo-oxidation processes of polymeric chains.
The FT-IR absorption spectra of non-irradiated and irradiated blended PS films with 4.0% DMT, for 0.0 and 2.0 hours, is shown in Figure 10 .
As can be noticed from Figure 9 and Figure 10 , modifications occur in the intensity of different absorption bands in the FT-IR spectra of the irradiated pure and blended PS films. These changes correspond to photooxidation and photodegradation of polymeric chains [30] . Transformation is clearly demonstrated by the decrease in absorbance of the bands at 3800 -3400 cm −1 , and by the formation of new absorption band corresponding to new compounds resulting from the polymer chains photodegradation in different regions. It has been reported that the presence of the absorption band at 3440 cm −1 is related to the increase in the photo-oxidation of benzene rings [38] . The decrease in the intensity of absorption at 3440 cm −1 with the increase in irradiation time may influence the increase in the photo-oxidation of benzene ring and a decrease in atomicity in the polymer sample. Rabek and Ranby [38] have reported during irradiation of polystyrene films, three cases of oxidation of the benzene ring being observed. The formation of benzyl acetophenone chromophores; acetophenone structures; and conjugated double bonds, were the main products resulted from the photo-oxidation of polystyrene films. The same observations were observed in the UV-irradiation of SPS solid films [15] [39] .
As can be noticed from Figure 9 and Figure 10 and Table 3 , the increase in irradiation time, resulted in the increase in the absorption intensity of the band at 1740 cm −1 (C=O stretch), and the formation of new band at 1450 cm −1 , (C=C stretch), may also influence the formation of carbonyl compound and diene type structures during the photo-oxidation and photodegradation of polymeric chromophores. However, the interpretations of these bands are not simple because of the overlapping of the different types of carbonyl species in the same frequency range.
The FT-IR analysis of irradiated PS films blended with Dimethyl terephthalate plasticizers showed some changes in the absorption bands upon blending. The intensity of the sp 3 carbon hydrogen stretching vibration increases as the polymer was blended with DMT, and also by the increase in exposure time of irradiation especially 2923 cm −1 , which is assigned as the C-H stretching. The C=C double bond stretching at 1600 cm −1 and the absorption peak at 1024 cm −1 , assigned to the C-O-C antisymmetric stretching vibration increased with plasticization and with irradiation of polymer films, as shown in Table 3 . The peak at 1727 cm −1 was assigned to the growth of aliphatic ketones formed from the reaction of the reactive alkoxy radicals; it is more likely that the formed photoproduct could be an acetophenone group which further reacted with the subsequent formation of benzoic acid [40] .
Also the FT-IR absorption spectra of blended PS with DMT, showed a slight shift in the bands maxima, as well as the appearance of new bands at, (1726 cm −1 , C=O stretch), (1602 cm −1 , C=C stretch)and the changes in the intensities of many other absorption bands with the same bands for the non-irradiated blended samples. The shift in absorption bands as well as the formation of new absorption bands upon irradiation of PS films is good indication of the conformational changes in the polymeric chromophores, and the increases in the efficiency of photogegradation of polymeric chains.
The modifications that occurred at different zones of the FT-IR absorption spectra of the irradiated pure and blended PS with 4.0% DMT permit characterization these modifications in the following points: 1) At high region of the FT-IR spectra, the absorption band at 3444 cm −1 , a noticeable increase in the intensity of the absorption band is observed in doped polymer; on the other hand, a very small decrease was observer in the irradiated polymer that can be ascribed to a carboxylic acid group [41] ;
2) The intensity of the absorption spectra of irradiated PS film showed an increase in the intensity of a broad band between 2924 cm −1 and 2850 cm −1 , which were assigned to the (C-H), stretching vibration of benzene, and the latter was found to increase in its intensity with the increase of time of irradiation. Such observation, suggests that a photodegradation of PS chains occurs through the oxidation of benzene rings [42] ; 3) In the FT-IR absorption spectra of irradiated PS film, the complex region of the C-O stretch (1741 cm −1 ) and (1024 cm −1 ) assigned to the C-O-C bend vibrations, showed an increase in the absorbance throughout the increase in irradiation times of polymer films, which becomes higher in the case of irradiated blended polymer. The C=C double bond stretching at 1602 cm −1 and other absorption peaks which increased with plasticization and with the increase in irradiation time, could suggest the formation of mono-substituted benzene rings [40] ; 4) The FT-IR absorption spectra, of PS films blended with 4.0% DMT, showed a noticeable formation of new broad bands centered at (1726 cm , C=C stretch), and their intensities were found to increase with the increase in irradiation time and also with the increase in the amount of added plasticizer, and normally assigned to the growth of aliphatic ketones formed from the reaction of the reactive alkoxy radicals. It is more likely that the formed photoproduct could be an acetophenone group which further reacted with the subsequent formation of benzoic acid [43] [44]; 5) The band observed at 830 cm −1 , as can be noted in the spectra of the blended polymer, can suggest the formation of conjugated double bond sequences in the main polymer chains. The same band was observed by Grassie and Weir on photo-oxidation of polystyrene [34] .
Conclusions
According to the changes in the intensities of absorption spectra, fluorescence spectra and FT-IR absorption spectra for pure and blended PS films with phthalate and terephthalate plasticizers, the following conclusions can be summarized as follows: 1) The absorption spectra of irradiated pure and blended PS films showed an increase in the intensity of the absorption band, as well the formation of new absorption broad band at longer wavelength (280 -330 nm). The intensity of the formed broad band increased with increase in irradiation time and with the increase in the amount of added plasticizers. These changes are good indications of the possible formation of new photo-products resulted from the photodegradation of polymeric chains; 2) Irradiation of pure and blended PS films in presence of air led to important modification to fluorescence bands. These modifications were decrease in the intensity of excimer fluorescence, and formation of new emission band with no clear maxima at longer wavelength (382 -500 nm) in blended polymer. These modifications indicate that there is a possibility of photodegradation in the polymeric chains. The degradation effect was found to increase by the increase in molar mass of the used plasticizer; 3) From the FT-IR spectra of irradiated of pure and blended PS films, a noticeable change was observed by the formation of new absorption bands, as well as, the change in the intensity of many absorption bands (decrease of some and increase of most of the others). This clearly indicates the photodegradation of the polymeric chains, and this change increases with the increase in time of irradiation, and increase in the amount of added plasticizers; 4) The Al Ani-Hawi equation (Equation (3)) was used to evaluate some kinetic parameters such as the quenching efficiency ratio ( ) * o EX EX I I and the quenching rate constant (k PQ ). The increase in the photo-quenching rate constant with the increase in the molar mass of both phthalate and terephthalate plasticizers indicates the stability of irradiated polymer chromophores decrease, and may increase the photodegradation of polymeric chains; 5) The increase in amount of added plasticizer decreases the stability of irradiated blended polymer chains and is found to depend upon the molecular structure of the plasticizer molecules. Phthalate plasticizers showed a lower efficiency of photo-quenching in comparison with that obtained with terephthalate plasticizers.
